This paper employs the multi-objective analysis to evaluate the benefits and feasibility of a local water transfer project between two water supply reservoirs in China. Firstly, the multi-objective simulation optimization model of reservoir operation for three scenarios, including no connection, virtual connection, and pipeline connection, are set up considering the compensation role of hydrology and the storage capacity of relevant reservoirs. Secondly, the Pareto-optimal solutions and the selected operation solutions for the three scenarios are analyzed to evaluate the benefits of the transfer project. And visual analytics is used to show and analyze the relation of the three scenarios' Pareto-optimal solutions intuitively. Lastly, the results show building a pipeline can attain more benefits in reducing the amount of diverted water and water spills for the water supply system, but with some issues such as additional engineering cost and low utilization rate of the diversion pipeline. This study demonstrates that conducting a holistic multi-objective analysis for water transfer options can reveal the full trade-offs between competing objectives, show the relation of different scenarios' Pareto-optimal solutions and provide support for informed decision-making on water diversion project planning.
compensation capacity but sufficient storage compensation (Guo et al. ; Zhou et al. ) . Thus, this paper proposes the use of multi-objective analysis combined with reservoir operation to reveal the benefits and feasibility of a water transfer project, not only considering the compensation of hydrology but also the compensation benefits of the relevant reservoirs in the water transfer project.
The operation problem of multi-reservoirs involved in water transfer is typically a multi-objective optimization problem. Multi-objective evolutionary algorithms (MOEAs) perform well in solving such a problem, with high complexity and dimensionality (Fu et al. ; Hurford et al. ) .
They exploit their population-based search to provide Pareto-optimal solutions on which solutions cannot be improved for any of the objectives considered, without disadvantaging one or more of the others (Kasprzyk et al. ) . To provide analytical information in a more intuitive way, visual analytics can be used to explore the Paretooptimal trade-offs with holistic pictures (Fu et al. ; Hurford et al. ) . This helps to make informed decisions. This paper investigates the use of multi-objective analysis to reveal the feasibility study of a water diversion project between Biliuhe reservoir and Yingnahe reservoir in Dalian, China. Firstly, the multi-objective optimization model, with three objectives as water supply reliability, water spills and diverted water is established for three scenarios including the base scenario (no connection), virtual connection, and pipeline connection. And the Paretooptimal solutions are obtained with the epsilon nondominated sorting genetic algorithm II (ε-NSGAII) and displayed with Visual analytics. Additionally, selected solutions with the same reliability are compared to further reveal the benefits of such a water transfer project.
CASE STUDY
Biliuhe reservoir and Yingnahe reservoir are two important water sources for Dalian, which lies in a semi-arid river basin with annual average rainfall of 675.6 mm in Northeast China. , which is referred to as the joint demand in this paper. 
METHODOLOGY Scenario definition
This study aims at revealing the benefits of the proposed local project between Biliuhe reservoir and Yingnahe reservoir.
The approach used is multi-objective analysis for scenario comparison based on reservoir operation. Correspondingly, this study defines three operational scenarios as follows. (there is no limitation in this water pipeline when optimized) between the two reservoirs, which allows water to be diverted in both directions in order to fully utilize the storages of the two reservoirs for water supply. In this scenario, the joint demand is also undertaken by the two reservoirs according to different allocation proportions which are also optimized similarly to scenario 2.
Optimization problem formulation
The benefit analysis of such a water transfer project using scenarios' comparison based on multi-reservoir operation can be regarded as a multi-objective optimization problem. Simulation optimization, which is an effective tool to determine optimal decision variables that result in maximization or minimization of objective functions, is used to solve this problem. Objective functions, decision variables, the optimization method and the way to show optimal solutions that are involved with the simulation optimization are formulated as below, and some details are provided in the Supplementary material (available with the online version of this paper).
Objective functions
The reservoir operation performance of the three scenarios will be compared using three indicators. One is water supply reliability (WSR). For domestic water supply, improving water supply reliability is one of the most impor- What's more, it is also apparent from the two closer trade-off surfaces of the three in Figure 2 Pareto-optimal trade-offs. When given a reliability, the diverted
(L k represents the water spills of scenario k). Especially, when the water supply reliability is up to 94%, the growth rate of reliability changes slowly and gradually and water spills begin to increase sharply. In this paper, we regard the point of this reliability as a turning point. At this point, we can also
resents the turning point's water spills of scenario k).
Comparing the value of K k,m and L k,m , both the pipeline connection scenario and virtual connection scenario can reduce at least 27 × 10 6 m 3 diverted water and 26 × 10 6 m 3 water spills compared with the no connection scenario. These data further support that both the pipeline connection scenario and virtual connection scenario can obtain better benefits.
Additionally, K 2,m is 10 × 10 6 m 3 more than K 3,m, and L 2,m is 12 × 10 6 m 3 more than L 3,m. These data show fewer benefits obtained in the virtual connection scenario compared to the pipeline connection scenario in reducing the amount of diverted water from Dahuofang reservoir, and water spills.
Comparison of simulated operation rules
To compare the differences between the three scenarios in greater detail, we selected one solution with the same water supply reliability value from the Pareto set of each scenario (shown in Figure 2(a) ). As the common minimum of water supply reliability value for domestic water supply is 95%, this paper selects 95.2% as the same reliability value. The operation results under each scenario are shown in Figure 3(a) , which also presents the values of the three objectives and the amount of the local diversion between Biliuhe reservoir and Yingnahe reservoir.
Because of the water supply reliability, there is no difference in water supply and water shortage, as can be seen in Figure 3( to the virtual connection scenario. Building a pipeline as assumed in the pipeline connection scenario can attain relatively more benefits in reducing the amount of diverted water and water spills than only doing the joint operation in the virtual connection scenario.
On the other hand, the pipeline connection scenario has the following issues that have to be considered by the decision maker. First, there is a significant capital cost for the pipeline, which might have associated environmental and social impacts. Second, as is shown in Figure 3 
